tified as important determinants for the manifestation of PU. Multivariate analysis highlighted limited autonomy in everyday activities ; p = 0.000), MUST score (OR 3.825 and 95% CI 1.730-8.455; p = 0.001) and artificial diet (OR 1.869 and 95% CI 1.247-2.802; p = 0.018) as the most powerful predictors of PU development. Conclusion: Poor nutritional status, limited autonomy in everyday activities and artificial nutrition seemed to confer noteworthy prognostic value regarding PU development in the acute-care setting.
Introduction
Skin ulceration is considered to be one of the most challenging and physically debilitating clinical entities for nearly all health-care disciplines, with a reported prevalence ranging from 0.4 to 38%, in acute-care settings [1] [2] [3] [4] [5] [6] . Apart from the individual's discomfort, pressure ulcers (PU) augment the workload in all health-care sectors because of the associated delayed rehabilitation and prolonged hospitalization, which can eventually have an adverse secondary impact on health care or cause premature morbidity and mortality [7, 8] . To further complicate the issue, PU are multifactorial in origin, with both preventable and nonpreventable components; the significance of these factors is yet to be elucidated.
Malnutrition, an ordinary clinical feature in hospitalized populations, constitutes a potentially reversible predisposing factor for both ulcer formation and delayed wound-healing [5, 7, 8] . Nutritional deficiencies impede the normal processes that allow progression through the specific stages of wound-healing by prolonging the inflammatory phase, decreasing fibroblast proliferation and altering collagen synthesis, which attenuate wound tensile strength and promote infection [9, 10] .
To date, the exact causal relationship between PU and nutritional status has not been fully clarified. Methodological shortcomings notwithstanding, cross-sectional and prospective studies suggest that there is a fairly strong interrelation between undernourishment and PU development [1, [3] [4] [5] [6] 8] . However, a Cochrane review published in 2003 [11] failed to supply strong scientific evidence for a direct relationship between poor nutrition and the development of PU and healing [11] .
More evidence is needed as to whether or not a relationship between PU and malnutrition exists, so we embarked on this study with a view to gaining a thorough insight into the factors that engender skin breakdown via poor nutritional status in a nonselected group of adult patients in a Greek university hospital.
Subjects and Methods

Study Population
This observational prospective study was conducted according to the Declaration of Helsinki guidelines and was approved by our Hospital Scientific Council. Written informed consent was obtained from all the subjects/patients, their families or legal representatives. We excluded patients being treated in an intensive care unit and those with a deteriorated level of consciousness who had no caregivers or proxies to provide the necessary information.
Data Collection
Six groups, each consisting of 2 designated health-care professionals (i.e. nurses, dieticians or doctors, one of whom worked in the patient's ward and the other independently) interviewed all heterogeneous adult patients at our university hospital or their family members, where available, and reviewed the consenting patients' medical charts for the purpose of completing a specifically prepared standardized questionnaire at a single-day audit. In our 680-bed university hospital, a total of 603 inpatients were registered on the day of the audit. Considering both predefined exclusion criteria and missing data, 471 consecutive hospitalized patients were enrolled in the final analysis.
In particular, the following factors were registered: (1) demographic and anthropometric characteristics (age, gender, mea-sured weight, height, mid-arm and calf circumference), (2) hospitalization data (participating specialties, presurvey and total hospital stay), (3) quality of health status assessed according to the reported comorbidities and the participants' self-perceived adequacy of their health status and (4) dietary-related parameters (self-reported weight loss within the last 3 months, the extent of dependence in everyday activities, appetite status, mood disorders and quantity and type of nutritional intake during hospitalization).
The body mass index (BMI) was calculated for each participant. A malnutrition universal screening tool (MUST) was used to screen for nutritional deficiencies [12, 13] . Patients were considered to be at high risk if they had a BMI <18.5, had experienced >10% unintentional weight loss in the previous 3-6 months or had had no nutritional intake for >5 days. They were considered to be at moderate risk if they had a BMI 18.5-20.0 or had experienced 5-10% weight loss in the previous 3-6 months. All other patients were classified as low-risk [13] . The presence of PU was also recorded and constituted the outcome of interest. All stage I-IV lesions, according to the European Pressure Ulcer Advisory Panel classification, were registered as PU [14] . Total length of stay (LOS) in hospital was used as an index for morbidity assessment.
A random check was conducted by G.T. and K.K. in order to eliminate errors in the data collection on paper sheets and transferring processes before the data were entered into a computer database.
Statistical Analysis
The normality of data was assessed by the Kolmogorov-Smirnov test. The Student t test was used for comparison of means of continuous variables and normal distributed data and the Mann-Whitney U test was applied in the case of non-normally and non-continuously distributed data. Categorical variables were assessed with the χ 2 test or the Fisher exact test when the expected value of a cell was <5. Odds ratios (OR) with 95% confidence intervals (CI) were computed using univariate and multivariate stepwise logistic regression models with PU development as the response variable. For all statistical procedures, p < 0.05 was considered significant. Data were analyzed using the SPSS version 18.0 (SPSS Inc., Chicago, Ill., USA).
Results
The recorded prevalence of PU was 14.2% (n = 67). The nutritional and hospitalization characteristics of the participants were stratified on the basis of PU development and are shown in table 1 . Individuals with PU manifestation featured with greater age, lower BMI (<18), deteriorated clinical status according to the self-assessment, limited everyday activities (able to walk only with assistance or being bedfast) and moderate or serious mood disorders (p < 0.001 for all). Comorbidities were present in 268 patients (56.9%); the most common were diabetes mellitus in 95 patients (36.6%), followed by hypertension in 70 (27.2%), stroke in 56 (21.6%), chronic obstructive pulmonary disease in 27 (10.5%) and cardiovascular disease in 10 (4.1%). No significant difference between the 2 subgroups studied was identified (χ 2 = 8.61; p = 0.125).
When our cohort was classified according to the reason for admission into a pathological (i.e. involving general, neurological and cardiac pathologies) and a surgical subset, 45 (67.2%) of the PU patients and 241 of the non-PU patients (59.6%) involved pathological cases. No significant difference between groups was identified with regard to surgical cases (χ 2 = 1.08; p = 0.429).
With regard to nutrition-related parameters, the PU group presented with undernourishment (a risk for/documented malnutrition), diminished (less than normal) food intake during the last week (χ 2 = 12.07; p = 0.002 and χ 2 = 27.43; p = 0.000, respectively) and noticeable weight loss (>5%) during the last 3 months (χ 2 = 11.38; p = 0.014). Common reasons for not eating were identified as loss of appetite in 99 cases (46.5%), difficulty in chewing or swallowing in 8 (3.7%) and nausea in 21 (9.8%); loss of appetite was the predominant reason for not eating in the PU group (χ 2 = 9.12; p = 0.021).
Regular hospital food with no particular dietary plan was the source of nutrition for 269 (57.1%) patients. One hundred and sixty-eight (35.7%) were given hospital food modified for some form of special diet and 34 (7.1%) were on enteral or total parenteral nutrition. An artificial diet (i.e. enteral or parenteral nutrition) was more frequently applied in the PU group than in the non-PU group (χ 2 = 32.67; p = 0.000).
The mean presurvey LOS and total hospital LOS were significantly prolonged in the PU group when compared to the non-PU group (t test; p = 0.017 and p = 0.000, respectively). Almost 2 of 3 patients in the non-PU group had a hospital LOS of <8 days (64.3%; n = 260). The hospital LOS-dependent distribution of PU development differed significantly between hospital stay subgroups (χ 2 = 45.17; p = 0.000) with the incidence of PU development being proportional to prolonged hospital stay ( fig. 1 ).
Univariate logistic regression analysis identified advanced age, low BMI, poor health status by self-assessment, serious mood disorders, malnutrition assessed by MUST, recent weight loss, abnormal appetite status, quantity of food intake <50%, artificial diet (enteral or total parenteral nutrition) and limited or no autonomy in everyday activities as important determinants for manifestation of PU ( table 2 ) .
By entering the nutrition status-related variables into a stepwise logistic regression model, limited autonomy [β = 1.865; standard error (SE) = 0.356; OR 6.456 and 95% CI 3.212-12.973; p = 0.000], MUST score (β = 1.341; SE = 0.405; OR 3.825 and 95% CI 1.730-8.455; p = 0.001) and artificial diet (β = 0.625; SE = 0.207; OR 1.869 and 95% CI 1.247-2.802; p = 0.018) were highlighted as the most powerful predictors of PU development. 
Discussion
This study showed the association between undernutrition (assessed by MUST) or nutrition-related parameters (e.g. advanced age, low BMI, poor health status, serious mood disorders, impaired appetite, a food intake of <50% during the last week, self-reported weight loss during the last 3 months, limited or no autonomy in everyday activities and artificial nutrition) and hospitalization-related parameters (such as presurvey and total hospital LOS) with the presence of PU in an acute-care setting. Among these, malnutrition-limited autonomy in everyday activities and artificial diet were identified as major contributors to PU development.
Research has shown that inadequate nutrition is frequently associated with the loss of the cushioning effect of fat mass over the bony prominences, physical weakness, dehydration and edema; it also weakens skin resistance, mobility and the immune defense, all of which seem to be predisposed for the development of PU [3, 4, 5, [8] [9] [10] . A recent, multicenter, cross-sectional audit in an acute-care facility in Australia [3] reported an overall adjusted OR of 2.6 of having a PU when malnourished as increasing from approximately 2-fold with moderate malnutrition to nearly 5-fold with severe malnutrition. In our clinical setting, nutritional deficiencies were associated with a higher risk for PU of almost 4-fold. The OR increased dramatically, along with the severity of nutrition deficiency, from approximately 3-fold for patients at risk of malnutrition to almost 7-fold for those with severe malnutrition. A novel finding of our study was that the MUST score was identified as a strong indicator of the risk for PU development, which further reinforces its wide implementation for a valid assessment of nutritional status.
Current guidelines recommend universal nutritional screening for all patients with/at risk of developing skin ulceration upon initial assessment or with any change in condition [8] . Several tools have been suggested to assess nutritional status in an average hospital population. Each has its own strengths and weaknesses, so nutritional status should not be assessed using only one tool or marker. A number of divergent factors related to inadequate food intake, unintentional weight loss and nutritional deficiencies, e.g. functional and psychosocial causes, should 15 also be considered. Obtaining insight into predisposing factors for the development of PU should make it possible to identify the subgroups of patients who are at risk.
Nutrition-related factors that are considerably linked to PU development or impaired healing include advanced age, reduced food and fluid intake, chewing and swallowing difficulties and an impaired ability to eat independently. These can all result in low BMI and unintentional weight loss [3, 4, 8, [15] [16] [17] [18] .
In a large, case-control study, Fogerty et al. [15] reviewed admission and discharge data from over 6 million subjects in acute-care hospital settings in order to identify risk factors and demographic differences between those who developed PU and those who did not. Interestingly, an age of over 75 years emerged as the strongest PU risk factor, with an OR of 12.63. Greater age is associated with an increased risk of malnutrition, as disease prevalence in this group increases and body composition changes [16] . In our analysis, the difference in mean age between subsets with or without PU was clear (74.4 and 62.5 years, respectively), a profile that indeed points to a heightened risk in an aged population.
Although BMI can be affected by the fluid status of an individual and the accuracy of its calculation depends on the investigator's level of experience, it is still considered an objective measurement for the determination of nutritional status and constitutes a pivotal component of several malnutrition screening tools [11, 12] . Several studies have identified low BMI as a contributing factor to the development of PU [4, [16] [17] [18] .
Poor nutritional intake and unintentional weight loss were strongly related to the manifestation of PU in our hospital setting, further reinforcing previous findings that have identified inadequate nutritional intake and recent weight loss as independent risk factors for PU, with the reported OR averaging 4.6 and 2.3, respectively [1, 4, [19] [20] [21] . In accordance with our findings, a recent crosssectional study reported that BMI <18.5, unintentional weight loss, poor nutritional intake and being bedfast were strongly related to the presence of PU in hospitalized patients, with the highest predictive value being attributed to being bedfast (OR 22.96) [4] . In our cohort, bedridden patients presented with a 17-fold higher prevalence for the manifestation of PU, while limited autonomy was highlighted as the variable with the highest predictive value for PU development. The autonomy component is identified as a key factor because limited autonomy in everyday activities interacts with weight loss and nutritional intake for PU development. Weight loss and nutritional intake are related to limited autonomy because these malnutrition parameters influence an individual's functional capacity [4, 16] .
The role of nutritional support in the wound-healing process remains unclear [5] . Interestingly, our multivariate analysis showed that artificial diet was an independent predictor of the development of PU. The possible explanation for this finding is 2-dimensional, indicating either a more advanced deterioration in the health status of patients receiving an artificial diet or else a higher nutritional quality of the normal or specific diet in our hospital setting.
Finally, it is not surprising that depressed mood emerged as a risk factor for the development of PU, with much evidence to support the pivotal role of mood disorders in undernourishment, in close association with clinical and functional status deterioration [22] .
As has already been pointed out, a substantial body of evidence supports that the development of PU incurs greater hospitalization costs and is related to a longer hospital LOS and greater utilization of hospital resources [1, 3, 4, 7, 8] . Most published data converge on a prolongation of hospital LOS of 6-8 days, on average, among patients with/without PU; this is relatively consistent with the hospital LOS in our PU group [6, 19, 23] .
Although the screening of patients at risk of developing skin breakdown is considered an essential initial step in the structured process of a comprehensive care plan for the prevention and treatment of PU, it is often overlooked and underrecognized in hospitalized patients [8, 16] . Traditionally, the development of PU has been viewed as a failure of care, and the rate of occurrence is thought to be a key quality indicator. A general comparison of PU prevalence in our cohort (14.2%) revealed it to be within the upper limit of the reported range (7.1-15.2%) for in-hospital patients [1] [2] [3] [4] . This could be attributed to the selection criteria applied, as the PU group in our cohort involved patients even from stage I, which is often excluded from the final analysis. Unfortunately, meaningful comparisons between prevalence and incidence rates across studies cannot always be made due to the different grading systems for PU and different methods of data collection used, different (or lacking) population characteristics and different inclusion and exclusion criteria.
We acknowledge the limitations of this study. Our single-center population was heterogeneous, incorporating patients from different age groups. It also involved a rather small sample. Furthermore, no evidence was provided with regard to outcome-relevant end points and the impact of dietary interventions on the clinical course of individuals with PU.
Conclusion
Our findings reveal that poor nutritional status, limited autonomy in everyday activities and artificial nutrition confer noteworthy prognostic value regarding the development of PU in acute-care settings. The economic consequence of this health outcome index is substantial, as the hospital LOS was found to be 2 times longer for patients with PU. Malnutrition is a reversible risk factor for the manifestation of PU. Our results emphasize the need for constant awareness of providers of medical care in Greek hospitals concerning the issue of malnutrition as well as the importance of the implementation of adequate nutritional care for individuals prone to PU across the continuum of care.
